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INTRODUCTION 


Within  the  past  several  years  there  has  been  an  increasing  effort  toward  developing  beryl • , um 
as  a  fully  acceptable  structural  material.  Recent  improvements  in  strength  obtained  from 
forged  and  extruded  beryllium  have  stimulated  new  design  considerations.  In  turn,  new 
designs  have  created  a  need  for  additional  technology  in  all  areas  of  fabrication,  including 
machining. 

An  increasing  number  of  inquiries  to  the  Air  Force  Mach i nab i I i t y  Data  Center  for  beryllium 
machining  information  plus  a  scarcity  of  data  compiled  in  convenient  formats  prompted  the 
issuance  of  this  pamphlet. 

A  review  of  beryllium  literature,  correspondence  with  companies,  and  personal  contacts 
revealed  that  there  was  adequate  information  on  beryllium  properties,  including  toxicity, 
microcracking  and  twinning.  Thus  it  was  decided  that  this  pamphlet  would  best  serve  the 
aerospace  industry  and  its  subcontractors  by  emphasizing  machining  parameters  and  minimizing 
material  properties. 


I.  GENERAL  COMMENTS 


.1  THE  METAL  BERYLLIUM 

Beryllium  of  commercial  purity  can  be  considered  a  complex  alloy  rather  than  a  pure  metal. 
Although  most  pure  beryllium  contains  98  to  99%  Be,  the  following  analysis  of  QMV,  Hot 


Pressed, 

Hot  Rolled 

or  Hot  Upset, 

reveals  the 

complexity  of 

the  material: 
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Fe 

Si 

A 1 

H 

Mn 

Ni 

Cr 

C 

9B.9 
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0.06 

0.06 

0.09 
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0.013 

0.12 

Beryllium  has  some  excellent  qualities  such  as  high  strength-to-weight  ratio,  excellent 
modulus,  high  thermal  conductivity,  low  coefficient  of  thermal  expansion,  but  these  are 
somewhat  offset  by  its  generally  low  ductility.  Thus,  beryllium’s  primary  usage  until  only 
recently  has  been  in  the  reactor  areas  and  for  stable  platforms  and  other  components  of  space 
guidance  systems.  Some  recent  developments  in  primary  fabrication  such  as  vacuum  hot  press¬ 
ing,  forging  and  hot  rolling,  and  extruding  have  shown  improvements  warranting  an  increased 
consideration  of  beryllium  as  a  structural  material. 

Beryllium  can  be  obtained  from  producers  in  various  forms  and  conditions  such  as  pressed,  hot 
pressed,  warm  extruded,  hot  extruded,  warm  rolled,  hot  rolled,  forgings,  high  purity  castings, 
etc.  These  forms  are  produced  from  beryllium  powder  or  resintered  block.  Some  typical  desig¬ 
nations  for  raw  material  and  worked  products  which  will  come  to  the  attention  of  personnel 
associated  with  machinabi I i ty  of  beryllium  are  listed  below: 


NUCLEAR  GRAOE  • 

SP-100-A  ) 

SP-200-A  ) 

P-100  )  * 

P-200  ) 

1-400  ) 

HP-40  ) 

PF-20 

QMV 


REACTOR  eUlLOINQ  GRAOE 


STANDARD  STRUCTURAL  GRADES  FROM  POWDER 


INSTRUMENT  GRADES  (fine  grained,  mm.  of  BeOj 

FORGINGS 

VACUUM  HOT  PRESSED  BLOCK 


QMV  VACUUM  CAST  ) 
VC-50  ) 


COARSE  GRAIN  RAW  CAST  MATERIAL 


ULTRA-HIGHTpURITVLLED  )  *  KI8H  DUALITY  MATERIAL  (has  better  than  average  ductility) 
PR. 20  •  ROLLED  SHEET 


Data  available  to  AFMDC  to  date  indicate  that,  in  most  respects,  all  of  the  above  beryllium 
products  machine  similarly.  It  has  been  reported  that  slight  improvements  in  machinabi I i ty, 
surface  finish  and  dimensional  control  were  noted  on  extruded  beryllium. 

It  should  be  realized  that  optimum  machining  conditions  can  bp  developed  for  beryllium,  as 
for  other  materials,  by  machinabi I ity  programs  or  by  a  careful  study  of  production  machining 
operations.  Therefore,  all  machining  data  charts  in  this  report  provide  starting  conditions 
only. 
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1.2  GENERAL  MACHINING  PROBLEMS 


Machining  of  beryllium  should  not  be  undertaken  without  consideration  of  the  following 

problems: 

1.2.1  Toxicity  -  The  Atomic  Energy  Commission  has  taken  the  position  that  "it  is  safest  to 
"regard  beryl !  ium  and  all  its  compounds  as  potentially  toxic."  Exposure  may  develop 
skin  reactions  and  respiratory  illness.  The  latter,  called  berylliosis,  is  the  most 
dangerous  and  is  the  result  of  inhalation  of  beryllium  compounds,  especially  the  fluo¬ 
ride  or  sulfate. 

A  Materials  Advisory  Board  panel  conducted  a  study  on  the  toxicity  of  beryllium  which 
later  resulted  in  an  Atomic  Energy  Commission  publication,  "Recommendations  for  Control 
of  Beryllium  Hazards",  August  10,  1951.  Standards  have  since  been  republished  by  the 
Navy  (BuAer)  and  Air  Force  as  Technical  Order  T.O.  00-80BB- 1  (Ian.  10,  19o8),and  also 
in  "Hygienic  Guide"  (1956)  by  the  American  Industrial  Hygiene  Association  with  no 
changes  in  the  allowable  atmospheric  concentrations  set  by  AEC  in  1951.  AEC  states 
"The  inplant  atmospheric  concentration  of  beryllium  should  not  exceed  two  micrograms 
per  cubic  meter  as  an  average  concentration  throughout  an  B-hour  day." 

This  pamphlet  was  designed  to  present  machining  data  on  beryllium.  Subjects  such  as 
toxicity,  microcracking,  twinning,  etc.  were  included  to  emphasize  their  importance 
and  relationship  to  machining.  The  Air  Force  Mach inab i I i ty  Data  Center  will,  upon 
request,  furnish  references  to  other  documents  dealing  with  the  subjects  of  toxicity 
and  dust  control  on  machining  operations. 

1.2.2  Twinning  and  Microcracking  -  Mechanical  working  of  beryllium  in  certain  machining 
operations  causes  twinning  as  well  as  microcracking.  When  beryllium  is  subjected  to 
high  loads  in  structural  applications,  these  surface  changes  can  cause  premature 
fa  i  lures. 

Studies  have  disclosed  that  twinning  depths  are  related  to  and  can  be  influenced  by 
the  type  of  machining  operation,  depth  of  cut,  cutting  speed,  feed,  tool  geometry  and 
sharpness  of  cutting  tools.  These  studies  have  also  con''rmed  that  the  effects  of 
twinning  can  be  minimized  by  electrical  discharge  machining  electrochemical  machining 
or  by  a  series  of  diminishing  depths  of  cuts  followed  by  removing  approximately  0.002 
inch  from  the  surface  by  chemical  milling. 

1.2.3  Chipout  and  Spa  1 1 ing  -  Beryllium  is  brittle  and  therefore  is  prone  to  chipout,  crack¬ 
ing  and  spalling.  These  problems  have  an  important  bearing  on  scrappage  since  the 
base  cost  of  beryllium  is  $50-75  per  pound  and  semi-finished  components  such  as  gyro 
platforms  have  values  nearing  $1000  per  pound. 

Companies  using  beryllium  have  developed  techniques  for  controlling  chipout,  cracking 
and  spalling.  A  few  of  these  techniques  are  listed  as  follows: 


-  Drilling  Thin  Sheet  -  One  company  solved  the  problem  of  breakout  on  the  exit 
side  of  the  holes  by  sandwiching  a  thin  beryllium  sheet  between  heavier  gage 
sheets  of  beryllium  or  mild  steel  and  drilling  with  very  sharp  drills. 
Earlier  attempts  at  sandwiching  between  aluminum  plates  resulted  in  severe 
cracking. 
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Drilling  Holes  (3  times  the  diameter  and  deeper  using  carbide  drills)  - 
A  manufacturer  of  guidance  components  controlled  breakout  on  the  underside  of 
parts  by  setting  a  depth  stop  which  allowed  only  the  point  of  the  drill  to 
break  through  while  the  drill  was  under  power  feed.  The  stop  was  then 
removed,  and  the  drill  was  fed  through  by  hand. 

Turning  Bars  -  Beryllium  tends  to  chip  or  break  off  in  pieces  as  the  tool 
leaves  the  work.  This  chipping  may  be  reduced  by  chamfering  both  ends  of  the 
bar  to  a  diameter  slightly  larger  than  the  desired  finish  diameter.  One  end 
of  the  bar  may  be  turned  slightly  larger  than  finish  diameter  for  a  short 
distance;  then  reverse  the  bar  and  finish  the  turning  operation. 

Threading  on  Lathes  •  Threads  should  be  chased  using  a  single  point  tool. 
Thread  dies  and  chasers  are  not  recommended,  because  beryllium  breaks  into 
pieces  and  jams  the  tool,  causing  torn  threads  and  tool  breakage. 

Band  Sawing  -  Sawing  beryllium  produces  a  heavy  burr  and  rough  edge.  Enough 
stock  should  be  allowed  on  sawed  parts  for  milling,  filing  or  sanding  to  the 
finished  dimensions. 

End  Mill  Flaking  -  End  milling  flat  surfaces  on  beryllium  parts  frequently 
causes  surface  crazing  which  produces  microcracking.  The  microcracks  are 
normal  to  the  surface  and  the  depth  of  the  twinned  layer.  End  milled 
surfaces  may  show  surface  damage  similar  to  that  which  would  occur  in  a 
material  having  lamellar  defects.  Investigations  have  shown  that  the  mate¬ 
rial  was  sound,  but  surface  cracking  occurred  behind  the  tool  in  the 
direction  opposite  the  feed  direction.  It  was  theorized  that  this  'flaking' 
was  a  result  of  material  springback  as  the  compression  stresses  generated  by 
the  tool  were  relieved.  Flaking  may  be  minimized  by  gradually  decreasing 
the  depth  of  cut  for  each  pass  until  the  finish  cut  is  made. 

Face  Mill  Flaking  -  Face  milling  produces  the  same  type  of  microcracking  as 
end  milling.  However,  it  has  been  found  that  face  mill  defects  are  more 
prominent  and  occur  when  extreme  care  is  exercised. 

End  Mill  &  Face  Mill  Breakout  -  Climb  milling  should  be  used  when  face  mill¬ 
ing  or  end  milling  so  that  the  cutting  forces  are  directed  into  the  material 
mass.  Conventional  cutting  will  tend  to  cause  breakage  on  entiance  and  exit 
of  the  cutter. 

When  end  milling  a  groove  through  a  part,  the  end  mill  should  be  stopped 
before  exiting.  The  end  mill  should  then  be  reset  to  mill  from  the  opposite 
side. 

Tapping  Damage  -  Tapping  is  a  difficult  operation  due  to  the  low  ductility 
and  high  abrasiveness  of  beryllium.  Trained  operators  are  required  for  this 
operation. 

A  manufacturer  of  beryllium  space  guidance  components  developed  a  technique 
to  minimize  tap  breakage  and  hole  breakout.  The  sequence  of  operations  is 
as  follows: 

I)  Rough  machine  thickness  of  part  to  be  drilled  and  tapped;  2)  Drill 
required  holes;  3)  Countersink  drilled  holes;  4)  Tap  the  drilled  holes; 
5)  Finish  machine  thickness  of  part. 

The  above  procedure  eliminates  hole  breakout. 
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Breakout  of  tapped  holes  located  near  the  outside  edges  of  flanges  on  beryllium 
rings  was  eliminated  by  leaving  additional  stock  on  both  the  flange  faces  and 
the  outside  diameter  of  the  flange.  The  above  drilling  and  tapping  procedure 
was  then  performed. 


1.3  CUTTING  FLUIDS 


A  majority  of  machine  shops  are  machining  beryllium  dry.  Qn  some  machining  operations, 
cutting  fluids  are  beneficial  from  a  standpoint  of  tool  life.  A  cutting  fluid  is  a  necessity 
for  operations  such  as  deep-hole  drilling,  reaming  and  tapping.  Increased  tool  life, 
through  the  use  of  cutting  fluids,  may  not  be  economically  justified  due  to  the  following 
considerations: 

a)  Cutting  dry  on  hooded  machines  with  strong  vacuum  systems  is  more  efficient  than  any 
other  method  foi  the  control  of  beryllium  fumes  and  dust  in  the  machining  area. 

b)  Clean  beryllium  chips  have  a  high  reclamation  value.  It  is  difficult  to  clean  chips 
collected  from  operations  where  cutting  fluids  have  been  used. 

c)  Evaporation  of  liquid  from  the  used  cutting  fluid  may  leave  heryllium  dust,  which  can 
become  a  hazard. 

Various  types  of  cutting  fluids  have  been  used  successfully  for  machining  beryllium.  The 
most  commonly  reported  fluid  is  a  soluble  oil  and  water,  mixed  1:30  for  operations  such  as 
turning,  drilling,  grinding  and  milling:  and  approximately  1:20  for  operations  such  as 
tapping  and  reaming  and  others  requiring  more  lubricity  than  cooling. 

Other  cutting  fluids  reportedly  being  used  successfully  are: 

a)  A  chemical  coolant  mixed  1:40  with  water  for  deep-hole  drilling,  grinding  and  abrasive 
cutoff  operations. 

b)  Kerosene  was  found  to  be  a  satisfactory  coolant  for  gun  drilling  very  deep  holes.  The 
kerosene  was  pumped  through  the  drill  at  200  psi. 

A  search  for  information  on  adverse  effects  or  reactions  on  beryllium  caused  by  types  of 
cutting  fluids  disclosed  nothing  pro  or  con.  Apparently  no  extensive  studies  of  a  non- 
proprietary  nature  have  been  reported.  Data  are  lacking  on  possible  effects  of  chlorides 
or  other  chemicals  causing  problems  such  as  stress  corrosion,  cracking  or  decreased  fatigue 
strength. 

In  lieu  of  any  information  on  detrimental  effects  resulting  from  the  use  of  cutting  fluids, 
the  Air  Force  Mach i nab i I i ty  Data  Center  recommends  that  whenever  possible  beryllium  machining 
be  performed  dry.  When  the  particular  operations  req.ire  either  a  coolant  or  lubricant,  the 
standard  types  of  cutting  fluids  currently  being  used  ,or  similar  operations  on  cast  iron  and 
steel  should  be  satisfactory. 

The  Air  Force  Machinabi lity  Data  Center  recommends  that  fluids  used  in  the  machining  ol 
highly  stressed  beryllium  structural  parts  should  be  evaluated  for  their  effect  on  surface 
integrity  which  in  turn  could  adversely  influence  structural  integrity. 
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2.  MACHINING  DATA  CHARTS 
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2.1  TURNING  -  COMMERCIALLY  PURE  BERYLLIUM 
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DRILLING  -  COMMERCIALLY  PURE  BERYLLIUM 
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in  data  from  the  beryllium  corporation 

HAZELTON,  PENNSYLVANIA 


GRINDING  -  COMMERCIALLY  PURE  BERYLLIUM 


GRIND  IMG  OPERATIONS  ON  BERYLLIUM. 


2.6  BORING.  TREPANNING,  REAMING.  ROUTING.  AND  TAPPING  -  commercially  pure  beryllium 
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2.7  ELECTRICAL  DISCHARGE  MACHINING  (EDM)  -  commercially  pure  beryllium 


Hole:  DETAILED  DATA  FOR  EDM  OF  BERYLLIUM  IS  VERY  SCARCE.  THUS  THE  ABOVE  INFORMATION  IS  GIVEN  TO  SERVE  AS  A  GUIDE  AND  TO  INDICATE  THAT 
EDM  IS  PRACTICAL. 


2.8  ELECTROCHEMICAL  MACHINING  (ECM)  -  commercially  pure  beryllium 


(a)  Lowest  for  start,  buildup  to  maximum. 

(a)  Lowest  for  first  O.S  inch,  then  highest  for  balance,  both  ,  -ns t ants. 


2.9  CHEMICAL  MILLING.  CHEMICAL  BLANKING  OF  SHEET  AND  ELECTROPOLISHING 

COMMERCIALLY  PURE  BERYLLIUM 


PHOSPHORIC  AC  1 0 .  .  .  .100  PARIS  2-6  12/SQ.  FI.  75°F  PARTS  MUST  BE  RINSED  THOROUGHLY  IN  CLEAN 

SULFURIC  ACID  ....  30  PARTS  FRESH  MTE*'  *ND  DRIED. 

GLYCEROL . 30  PARTS 

A8S0LUTE  ETHANOL  ...  30  PARTS 


3.  CUTTING  TOOL  AND  GRINDING  WHEEL  NOMENCLATURE 


3. I  TURNING 


Side  Rake  (SR) 


A 


End  Cutting  Edge  Angle  (ECEA) 


J3 


_L 


*£^Nose  Radius 

Side  Cutting  Edge  Angle  (SCEA) 


Back  Rake  (BR) 
(Pos.) 


3.2  END  MILLING 


Secondary  Clearance 


s 


15 


3.3  FACE  MILLING 


£nd  Catting  Edge  Angle  (ECEA) 


3.1  DRILLING 


Crankshaft  Point 


3.5  TAPPING 


!8 


3.6  CARBIDE  PRECISION  BORING 


Back  Rake  (BR) 


3.7  CARBIDE  TIPPED  REAMERS 


STANDARD  MARKING  SYSTEM  CHART 


►/  Mechanical  Engineer's  Standard  (ASA  fi:5.  1 7-  195S(Hl9f>  .'i )  . 


CARBIDE 

MANUFACTURERS 


4.  CARBIDE  GRADE  CHART 


INDUSTRY  CODE 


C-1  to  C-8 

MACHINING  APPLICATIONS 


BESLY-MELLES 


CARBOLOY 


carnet 


CO  ROM  ANT 


FIRTH-LOACH 


FIRTH  STERLING 


FUTURMILL 


KENNAMETAL 


MULTI  METALS 


NEWCOMER 


SINTERCAST 


SPEEDICUT  Ml  T  I  A 


TALI  DE 


TUHSSTEN  ALLOY 


VALENI  TL 


N50 

N60 

Far to- 
T  i  c  J 

Far  ro- 
T  i  c  J 

VR/WESSON 


WENOT-SONIS 


WICK  AL  0  Y 


WILLEY'S 


CAST  IRON.  NON-FERROUS  AND  NON-METALLIC  MATERIALS 

STEEL 

AND  STEEL  ALLOYS 

C- 1  Roughing 

C-5 

Rough i ng 

C-2  General  Purpose 

C-6 

General  Purpose 

C-3  Finithing 

C-7 

Finishing 

C-4  Precision  Finishing 

0-8 

P rec i s i on  Finishing 

Listings  do  not  nsotsterily  imply  equivalency  of  various 

manulaeturer 

*s  grades. 

This  Chari  is  not  to  be  considered  sn  endorsement  of  or 
*Grades  containing  nore  than  50%  Titanijm  Carbide. 

an  opp  roved  1 

1st  of  any  manufacturer's  products. 
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5.  IDENTIFICATION  AND  TYPE  CLASSIFICATION 
OF  HIGH  SPEED  TOOL  STEELS 


SYMBOL  M.  M0LY8OENUM  TYPES 


TYPE 

1  DENT  1 F  Y 1  N( 

ELEMENTS, 

IN  PER  CENT 

APPLICATION 

C 

n* 

Mo 

Cr 

Ml 

.80 

1.  50 

8.00 

4.00 

HToo 

- 

GENERAL  PURPOSE 

M2 

.65 

8.00 

5.00 

4.00 

2.00 

• 

GENERAL  PURPOSE 

M3  CLASS  I 

1.05 

6.00 

5.00 

4.00 

2.40 

- 

FINE  EDGE  TOOLS 

M3  CLASS  2 

1.20 

6.00 

5.00 

4.00 

3.00 

- 

FINE  EDGE  IDOLS 

M4 

1.30 

5.50 

4.50 

4.00 

4.00 

• 

ABRASION  RESISTANT 

MB 

.60 

4.00 

5.00 

4.00 

1.50 

12.00 

HEAVY  CUTS  -  ABRASION  RESISTANT 

M7 

1.00 

1.75 

8.75 

4.00 

2.00 

- 

FINE  EDGE  TOOLS  •  ABRASION  RESISTANT 

MIO 

.90 

_ 

8.00 

4.00 

2.00 

- 

GENERAL  PURPOSE  •  HIGH  STRENGTH 

MI5 

1.50 

3.50 

4.00 

5.00 

5.00 

HEAVY  CUTS  -  A8RASI0N  RESISTANT 

M30 

.80 

2.00 

8.00 

4.00 

1.25 

5.00 

HEAVY  CUTS  •  ABRASION  RESISTANT 

M33 

.90 

BUfrl 

9.50 

4.00 

1.15 

8,00 

HEAVY  CUTS  -  ABRASION  RESISTANT 

M34 

.90 

2.00 

8.00 

4.00 

2.00 

8.00 

HEAVY  CUTS  -  ABRASION  RESISTANT 

M35 

.80 

6.00 

5.00 

4.00 

5.00 

HEAVY  CUTS  -  ABRASION  RESISTANT 

M3S 

.80 

t-JjiliM 

5.00 

4.00 

8.00 

HEAVY  CUTS  -  ABRASION  RESISTANT 

M4| 

1  .  10 

6.75 

3.75 

4.25 

2.00 

5.00 

HEAVY  CUTS  -  ABRASION  RESISTANT 

M42 

1.  10 

anu 

9.50 

3. 75 

1.15 

8.00 

HEAVY  CUTS  -  ABRASION  RESISTANT 

M43 

1.  25 

1.75 

8.75 

3.75 

2.00 

8.25 

HEAVY  CUTS  -  ABRASION  RESISTANT 

M44 

1.  15 

5.  25 

6.  25 

4.25 

2.25 

HEAVY  CUTS  -  ABRASION  RESISTANT 

SYMBC 

L  T.  TUNGSTEN  TYPES 

Tl 

.70 

18.00 

4.00 

1.00 

GENERAL  PURPOSE 

T2 

.80 

18.00 

4.00 

2.00 

GENERAL  PURPOSE  -  HIGHER  STRENGTH 

T4 

.75 

18.00 

4.00 

1.00 

5.00 

HEAVY  CUTS 

T5 

.80 

18.00 

4.00 

2.00 

e.oo 

HEAVY  CUTS  -  ABRASION  RESISTANT 

T6 

.80 

20.00 

4.50 

1.50 

12.00 

HEAVY  CUTS  •  HARD  MATERIAL 

T7 

.  75 

14.00 

4.00 

2.00 

- 

PLANER  TOOLS 

T8 

.75 

14.00 

. 

4.00 

2.00 

5.00 

GENERAL  PURPOSE  -  HARD  MATERIAL 

T9 

1.20 

18.00 

4.00 

4.00 

EXTREME  ABRASION  RESISTANT 

T 1 5 

1.50 

12.00 

4.00 

5.00 

5.00 

EXTREME  ABRASION  RESISTANT 

GENERALLY  ALL  OF  THE  ABOVE  HIGH  SPEED  STEELS  ARE  MANUFACTURED  by  THE  FOLLOWING  COMPANIES: 
ALLEGHENY  LUOLUM  STEEL  CORPORATION 
BETHLEHEM  STEEL  CORPORATION 

BRAEBURN  ALLOY  STEEL  0 1  V I S I  ON.  CONTINENTAL  COPPER  &  STEEL  INDUSTRIES.  INC. 

THE  CARPENTER  STEEL  COMPANY 
COLUMBIA  TOOL  STEEL  COMPANY 
CRUCIBLE  STEEL  COMPANY  OF  AMERICA 
FIRTH  STERLING.  INC. 

JESSOP  STEEL  COMPANY 
LATROBE  STEEL  COMPANY 

H.  A.  PORTER  COMPANY,  INC.,  VULCAN-K ISO  STEEL  01 VI  SION 
SIMONOS  SAW  AND  STEEL  COMPANY 
UNIVERSAL-CYCLOPS  STEEL  CORPORATION 

VANADIUM-ALLOYS  STEEL  COMPANY,  DIVISION  OF  VASCO  METALS  CORPORATION 
HIGH  SPEED  STEELS  MAI  THROUGH  M44  ARE  MADE  BY: 

MAI  •  CRUCIBLE  STEEL  COMPANY  OF  AMERICA 

M42  •  VANAOIUM-ALLOYS  STEEL  COMPANY.  DIVISION  OF  VASCO  METALS  CORPORATION 
M43  -  LATROBE  STEEL  COMPANY 

M44  •  BRAEBURN  ALLOY  STEEL  DIVISION.  CONTINENTAL  COPPER  &  STEEL  INDUSTRIES.  INC. 


This  chart  is  not  to  be  considered  an  endorsement  of  any  nanuf acture r ' s  product  or  an  approved  list  of 
any  manufacturer's  product  s. 
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6.  ROCKWELL- BRINELL  -  ULTIMATE  TENSILE  STRENGTH 
HARDNESS  CONVERSION  CHART 


ROCKWELL  C  to 

BRINELL  3000  KG. 

ROCKWELL  B 

to  BRINELL  300  and  3000  KG.  1 

Fen  happened 

STEEL  ANC  ALlOYS 

For  unharoeneo  st 

EEL,  S  '  £  £  L  OF  S2f‘ 

E  M  t  E  B  ,  GRAY  AND  1 

MALLEABLE  CAST  if 

Zfs  AND  MOST  NDfcFE  RROU  5  METAL  | 

ROCKWELL  C 

BRINELL 

ROCKWELL  B 

BRINELL 

BRINELL  | 

150  Kg.  Load 

3000  Kg.  Load 

100  Kg.  Load 

5C0  Kg.  Load 

300C  Kg.  Load  1 

"  B  r  a  1  e 

10  mm  8  a i 1 

1/16  D i a .  Ball 

10  mm  Ball 

60 

614 

100 

201 

59 

600 

99 

195 

58 

587 

98 

189 

57 

573 

97 

184 

56 

560 

96 

179 

216  n 

55 

547 

95 

175 

54 

534 

94 

171 

53 

522 

93 

167 

52 

509 

92 

163 

51 

496 

91 

160 

50 

484 

90 

157 

185 

49 

472 

89 

154 

180 

48 

460 

88 

151 

176 

47 

448 

87 

148 

172 

46 

437 

86 

145 

169 

45 

85 

142 

165 

44 

84 

140 

162 

42 

83 

137 

159 

40 

"  1  i  W  1 » 

82 

135 

156 

38 

352 

81 

133 

153 

36 

332 

80 

150 

34 

313 

79 

'  B  1H-  . 

147 

32 

297 

78 

144 

30 

283 

77 

141 

28 

270 

76 

122 

139 

26 

260 

75 

120 

137 

24 

250 

74 

118 

135 

22 

240 

72 

1  14 

130 

20 

230 

70 

1 10 

125 

68 

107 

121 

66 

104 

1  1  7 

BRINELL  3000  KG. 

64 

101 

1  14 

TO  ULTIMATE  TENSILE  STRENGTH 

62 

60 

98 

95 

1  10 

107 

FOR  STEELS 

58 

92 

104 

56 

90 

101 

8RINELL 

54 

87 

_ 

3030  Kg.  Load 

ULTIMATE  TENSILE 

52 

85 

- 

10  mm  Ball 

STRENGTH,  psi 

50 

83 

- 

48 

81 

- 

200 

100.000 

46 

79 

225 

108,000 

44 

78 

250 

122.000 

42 

76 

74 

73 

275 

141 .000 

40 

38 

158.000 

36 

71 

jfl 

1 74,000 

34 

70 

188,000 

32 

30 

28 

68 

67 

66 

375 

202.000 

400 

215.000 

24 

64 

425 

227,000 

20 

82 

450 

238.000 

16 

60 

475 

249.000 

1 2 

8 

56 

500 

258.000 

4 

55 

525 

267,000 

0 

53 

550 

282.000 

575 

295.000 

600 

308.000 

7.  DESCRIPTION  OF  AFMOC 


AIR  FORCE  MACHINABI LITY  DATA  CENTER.  3980  Rossi yn  Drive,  Cincinnati,  Ohio  45209. 
Operated  for  the  Air  Force  Materials  Laboratory,  Manufacturing  Technology  Division, 
under  Contract  AF  33(61 5)-5282 ,  by  Metcut  Research  Associates  Inc. 

SCOPE 

The  Air  Fores  Mach  i  nab  i I i ty  Oats  Canter  (AFMOC)  collte'i,  tvaluatai,  ttoras,  and  d  i  mm  I  n  at  is 
material  removal  information  including  tpacific  and  datailad  machining  data  tor  tha  banafit  of 
Industry  and  govarnmant.  Strong  emphssls  is  givon  to  angineating  evaluation  for  tha  purpote 
of  dovaloping  optimized  mater  i  a  I  removal  parameters,  such  as  spaads,  feeds,  depths  of  cut, 
tool  material  and  geometry,  cutting  fluids  and  ether  significant  varlablei.  Oata  era  being 
proctatad  for  all  types  of  materials  and  for  all  kinds  of  material  removal  operations  such  as 
turning,  milling,  drilling,  tapping,  grinding,  elactrlcal  discharge  machining,  electrochemical 
machining,  ate, 

COLLECTION 

AFMOC  has  a  mechanized  system  in  which  punch  cords  are  uaad  to  store  and  retrieve  all  typos  ol 
mater  I  at  rinoval  information  including  all  significant  numerical  data.  Early  in  1  986,  a  new 
low-cost  computer  will  ha  used  for  storing  and  processing  data  from  a  matter  card  and  disk 
file  and  for  computer  decoding.  The  focal  concept  tor  acquisition,  interrogation,  or  presen* 
tation  of  information  is  tha  spacific  material  (with  definite  chami eal,  phy a  i  cal  ,  or  mechan- 
ical  properties)  and  the  tpacific  material  removal  operation  being  used,  than  necessary,  card 
source  control  copies  may  bo  used  to  ratriave  original  documents  which  are  in  document  storage 
at  AFMOC. 


INFORMATION  SERVICES 

AFMOC  placet  strong  amphatit  on  providing  specific  end  datailad  answers  to  technical  inquiries 
in  tha  field  of  material  removal.  A  Utar  File,  consisting  ot  important  users  in  tha  field  of 
malarial  removal,  has  bean  developed  to  receive  information  products  including  machining  data 
pamphlets  and  tables  on  materials  ol  currant  interest,  s t a t e-o f - 1 ho- a  r  t  reports,  technical 
announcements,  and  other  appropriate  itoma.  Services  are  available  without  charge  to  the 
eirotpace  industry.  Department  ol  Oefente  (including  all  ol  the  military  services  and  their 
contractors),  and  other  government  aganciei.  technical  insti tut  ions,  and  non-mi II  tary 
Industries  in  a  position  to  assist  the  defense  effort. 

TO  REQUEST  MACHINING  INFORMATION  . 

Telephone:  913-271-9510 

TWX:  513-577-1785  or 

Write:  Air  Force  Mach  i  neb i I i t y  Date  Canter 

3980  Rosslyn  Orivt 
Cine i nnat i ,  Ohio  45209 

TO  HELP  US  ANSWER  YOUR  INQUIRY,  IF  POSSIBLE  PLEASE: 

1.  Identity  the  material  being  machined  (specification  or  tradename):  condition,  (as  cast, 
hot  rolled,  cold  drawn,  annealed,  quenched  and  tempered,  etc,)',  m  i  c  r  os  t  r  uc  I  u  r  0  and 
hardnete. 

2.  Identify  tha  material  removal  operation  in  question  ( turning ,  milling,  drilling,  tapping, 
surface  grinding,  electrical  discharge  machining  (EDM),  electrochemical  machining  (ECM) , 
etc.). 

3.  Specify  reasons  for  requiring  date  unless  your  need!  are  proprietary.  This  enables  AFMOC 
to  broaden  the  scope  of  its  technical  advice. 

4.  Specify  delivery  roqu i  reman ti. 

5.  Indicate  to  whom  the  inquiry  reply  should  be  sant. 

6.  Transmit  all  details  concerning  prasant  practices,  including  feeds,  speeds,  cutting  tool 
notorial  and  geometry,  cutting  fluids,  etc.,  In  the  event  your  Inquiry  pertains  to 
improvement  ol  an  ezlsting  machining  situation. 


NOTE:  Associ  at  tan  of  the  names  of  companies  and  individuals  with  specific  requests  is  kept 
confidential.  However,  data  deve loped  remain  the  property  of  AFMDC  for  dissemination  as 
required  for  answering  similar  inquiries  and  for  developing  data  products. 
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